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[57] ABSTRACT 

An electronic still camera is disclosed which adjusts focus to 
an object image by mechanically moving an electronic 
sensor within the electronic still camera. The electronic 
sensor is moved along an optical path of the electronic still 
camera. In this way, the sensor follows the focal plane of the 
image, thus tracking a focused image. 

14 Claims, 6 Drawing Sheets 
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ELECTRONIC STILL CAMERA HAVING 
MECHANICALLY ADJUSTABLE CCD TO 
EFFECT FOCUS 

BACKGROUND OF THE INVENTION s 

The present invention relates generally to digital imaging 
cameras, and, more particularly, the invention relates to 
electronic still cameras having a mechanically adjustable 
sensor for adjusting image focus. 

Conventional imaging cameras have long adjusted focus 10 
by physically moving a lens in an optical system of the 
conventional camera. The movement of the lens can be 
automatic movement driven by a motor, or manual move- 
ment under user control. In either case, the lens itself is 
mechanically moved relative to a film plane. It is well 15 
known in the art that as an object comes in from an infinite 
distance with respect to a lens, a focal plane on which the 
lens forms a sharp image when correctly focused is moved 
away from the lens. Thus, to correctly focus the image of an 
object onto a film plane, the lens is mechanically moved 20 
away from the film plane. Analogously, electronic still 
cameras have provided a similar function where, instead of 
a film in the film plane, there is an electronic sensor, such as 
a charge-coupled device ("CCD"), which is in the film plane. 
A problem with this type of focusing system is that lenses 25 
are often interchangeable on a camera, thus making a lens 
system that is individually moveable and interchangeable 
very costly. In addition, each lens system that is inter- 
changed onto the camera must have the same functionality, 
i.e., each must be user adjustable or adapted to be driven by 30 
a motor. 

Accordingly, it is an object of this invention to provide an 
electronic still camera that works with statically mounted 
lenses while optimizing image focus. ^ 

It is another object of this invention to provide an elec- 
tronic still camera that reduces a cost of accessories by 
reducing an overall cost of interchangeable lens systems for 
the electronic still camera. 

These and other objects of the invention will be obvious 40 
and will appear hereinafter. 

SUMMARY 

The aforementioned and other objects are achieved by the 
invention which provides an electronic still camera having a 45 
mechanically adjustable sensor. The mechanically adjust- 
able sensor is useful with electronic still cameras having at 
least one lens for focusing image-bearing light reflected 
from a subject along an optical path onto the electronic 
sensor. The electronic sensor then converts the image- 50 
bearing light into electronic signals representative of the 
subject. 

The electronic still camera comprises an adjustment 
means which moves the sensor along the optical path 
relative to the at least one lens such to focus an image of the ss 
subject. The adjustment means in the preferred embodiment 
is a lead screw driven by a stepper motor. The stepper motor 
rotates the lead screw such that the lead screw moves in and 
out relative to the lens, and substantially parallel to the 
optical path. The lead screw mechanically contacts the 60 
sensor so as to push the sensor forward toward the lens or to 
relieve pressure on the sensor such that spring action can 
push the sensor back away from the lens. In this way, the 
sensor is being moved relative to the lens thus focusing the 
image in the electronic still camera, 65 

In further aspects, the invention provides methods in 
accord with the apparatus described above. The aforemen- 



tioned and other aspects of the invention are evident in the 
drawings and in the description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects of this invention, the 
various features thereof, as well as the invention itself, may 
be more fully understood from the following description, 
when read together with the accompanying drawings in 
which: 

FIG. 1 shows a ray trace diagram with a cross-section of 
a lens sensor combination in accordance with the invention; 

FIG. 2 shows a block diagram of an electronic still camera 
using the invention as shown in FIG. 1; 

FIG. 3 A shows a mechanical drawing of an electronic still 
camera using the system described in FIG. 2; 

FIG. 3B shows a cross-sectional view of the electronic 
still camera of FIG. 3A; 

FIG. 4 shows a mechanical drawing of an alternative 
embodiment of an electronic still camera using the system 
described in FIG. 2; 

FIG. 5 shows a mechanical drawing of an alternative 
embodiment of an electronic still camera using the system 
described in FIG. 2. 

DETAILED DESCRIPTION 

While the present invention retains utility within a wide 
variety of photographic devices and may be embodied in 
several different forms, it is advantageously employed in 
connection with an electronic still camera. Though this is the 
form of the preferred embodiment and will be described as 
such, this embodiment should be considered illustrative and 
not restrictive. 

FIG. 1 shows two ray traces, where the solid line 10 
represents a ray trace of light reflected off an object located 
a distance Dl from the lens 12. In this case, Dl equals 
infinity. Since the object is located at infinity, the incident 
rays 10 are substantially parallel to the lens axis such that as 
the rays 10 pass through the lens 12, the focused rays 14 
intersect at a focal point which is a distance L x from the lens 
12. Since the object being imaged is located at infinity, the 
distance L 2 is defined as being the focal length of the lens 12. 

As the object is moved in from infinity relative to the lens 
12, the reflected light rays reflected from the object ceased 
to be parallel. Image rays 16 depicted in FIG. 1 as dashed 
lines from the object located a distance D 2 from the lens pass 
through the lens 12 and the focused rays 18 then intersect at 
a distance L 2 which is greater than L a , i.e., L 2 >L r 
Therefore, the focal plane, which is a plane on which a lens 
forms a sharp image when correctly focused has moved a 
distance D, where D is equal to L^-L^. 

In contrast to the conventional imaging systems previ- 
ously described which shift the focal plane by physically 
moving the lens 12, the invention moves the sensor 20A, 
which is shown located normal at the focal length of the lens 
back to a position D away from the lens, shown as 20B. In 
the preferred embodiment, the sensor is a charge coupled 
device ("CCD"), but it can also be any of various other 
electronic imaging sensors such as charge injection devices 
("CID"), inter alia, 

FIG. 2 shows an electronic still camera of the invention 
where the electronic still camera 30 uses a ranging system 36 
to determine a distance to an object. The ranging system 36 
transmits an electronic signal 32 aimed at the object and 
measures an amount of the reflected signal 34 reflected from 
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the object. In the preferred embodiment the ranging system the lead screw 68 is rotated in a clockwise direction, the 

36 is a calibrated sonar ranging system such as that shown wear plate is driven inward, forcing the sensor housing 60 to 

in commonly assigned U.S. Pat. No. 4,490,814, issued to move forward. The alignment cylinder 58 then rides along 

Edwin K. Shenk on Dec. 25, 1984, the optical housing 52, thus moving the sensor 20 closer to 

The ranging system then passes a signal representative of 5 the lens 12. 

a distance to the object to a microprocessor 38. The micro- As the lead screw 68 is rotated counterclockwise, the 

processor 38 then looks up in a table stored in a memory force exerted on the sensor housing 60 is relieved, and the 

inherent to the microprocessor 38 what the proper location spring 73 pushes the alignment cylinder 58 and thus the 

of the focal plane is given that distance. Upon determining sensor housing 60 away from the lens 12. 

the proper distance of the focal plane, the microprocessor 10 The seDSQr housing 60 could alternatively be directly 

signals a motor 40 to mechanically adjust the sensor 20. driven 5y the counter clockwise rotation of the lead screw 68 

The adjustment is performed using a mechanical interface without a necessity of the spring 73 but this would require 

42 which translates between the motor 40 and the sensor 20 additional mechanical attachment to the sensor housing 60. 

via an actuation device 44. The actuation device 44 ^ kad screw 6g is difectl mechanicall connected to 

mechanically adjusts a location of the sensor 20 so as to 15 ^ ^ ?() to ^ ^ ^ ^ 

follow the changing focal plane. Thus image-bearing light ^ mechanicaUy interconnected with a second gear 74, 

46 reflected from the object can pass through optics 48 and ddvcn b ^ motof 40 ^ ^ me { m 36 

be incident upon the sensor 20 in a proper focal plane so as ^ distance tQ ^ ^ {Q ^ mi cessor 3g 

to achieve a focused image. The sensor 20 can then pass and ^ mi cessor 38 determines a proper focal plane 

electronic signals representative of the image 50 to associ- *> ^ ^ mi ocessor 38 cafl then elcctronically sig . 

ated internal electronics of the electronic still camera 30. ^ ^ motQr ^ to fotate ^ lead &crew fi8 forward of 

FIGS. 3Aand3B illustrate a particular embodiment of the backward to a proper focal planc psx ^ Dn of the sensor 20 . 

electronic still camera 30 showing the mechanical design of rT „ . M1 ^ 4 l4 , * <_,. A Ci , 

, t A • 1 j -t. j .l • u • FIG. 4 illustrates an alternative embodiment or the sensor 
such a system. As previously described, the image-beanng . , . rn^oi* , aT1 t, . 
i- Ll At a i j c i_- * * * , i< movement mechanism of FIGS. 3A and 3B. The image- 
light 46 reflected from an object comes into an optical ZJ , v . . A£ a t , u- * *i_ i_ tV 

. AO ril _ , . . - A T t , 5 , bearing light 46 reflected from an object comes through the 

system 48 of the electronic still camera 30. In the preferred , & -J r. . , A . , 17u ,, J , ^ 

J , A - . 4M1 ~ A f shutter 54 into the lens 12. When the shutter 54 opens, an 

embodiment, the electronic still camera 30 encloses the . , , „ . , , r^jj, 

AO . M i.- i. • J4 • aperture is created allowing the image bearing light 46 to 

optics 48 in an optical housing 52 which is made to receive r lL lL , A . . .? . ™ 

. \ , ill * / * u \ t-v j >• r > pass therethrough, thus striking the sensor 20. 

interchangeable lens systems (not shown). Due to the fact r b ' & 

that the electronic still camera 30 adjusts focus internally, 30 ™ e °P^ al housm S 15 £eW on a frame 56 which is 

the interchangeable lens systems simply need to be statically mechamcally connected to the housing of the electronic stall 

mounted lenses having the properties desired by the pho- camera 3D. 

tographer. Th e wear plate 72 is secured to a back portion of the 

The optical system 48 includes a lens 12 or lens system sensor fusing 60 such that force applied to the wear plate 

and a shutter 54. When the shutter 54 opens, an aperture is 35 72 P™ h ™ the sensor housin S 60 forward wilh to the 

created allowing the image bearing light 46 to pass optical system 48. 

therethrough, thus striking the sensor 20. Alignment of the sensor using a set of two or more 

The optical housing 52 is held on a frame 56 which passes flexures 80 that are mechanically connected to the sensor 

into the internals of the electronic still camera 30 and is, in housing 60 and the optical housing 52. The flexures 80 allow 

turn, mechanically connected to the housing of the elec- 40 the sensor housing 60 to move forward and backward with 

tronic still camera 30. respect to the optical system 48 in response to rotation of the 

Asensor housing 60 is connected to an alignment cylinder lead screw 68 while limitin S rotational motion, thus pre- 

58 which has a close sliding fit with the optical housing 52. ventin S rotatlon of the housin S 60 abom the °P tical 

The alignment cylinder 58 is disposed over the optical 45 axis 

housing 52 such that reciprocal motion is enabled. Align- Further, the flexures 80 have an outward bias that places 

ment of the alignment cylinder 58 is accomplished using an a substantially constant outward force on the sensor housing 

alignment pin 53 extending from the optical housing 52 into 6° pushing the sensor 20 away from the lens 12. Thus, as the 

a groove 55 in the alignment cylinder 58; thus, preventing lead screw 68 is driven backward, away from the lens, the 

rotation of the sensor housing 60 about the optical axis 57. 5Q flexures 80 move the sensor housing 60 away from the lens. 

The sensor housing 60 is in mechanical contact with a The wear plate 72 is driven by a lead screw 68, which 

wear plate 72. The wear plate 72 is mechanically secured to passes through a threaded coupling 66 in the frame 56. As 

the sensor housing 60 by an adhesive in the preferred the lead screw 68 is rotated in a clockwise direction, the 

embodiment. One skilled in the art will realize, though, that wear plate is driven inward, forcing the sensor housing 60 to 

other means of attachment can be used such as welding, 55 move forward. The alignment cylinder 58 then rides along 

screws, et cetera. the optical housing 52, thus moving the sensor 20 closer to 

The wear plate 72 is secured to a back portion of the the lens 12. 

sensor housing 60 such that force applied to the wear plate As the lead screw 68 is rotated counterclockwise, the 

72 pushes the sensor housing 60 forward with respect to the force exerted on the sensor housing 60 is relieved, and the 

optical system 48. 60 flexures 80 push the alignment cylinder 58 and, thus the 

Opposing this force is a spring 73 which elastically biases sensor housing 60, away from the lens 12. 

the sensor housing an alternative embodiment of 60 away The lead screw 68 is mechanically connected to a first 

from the optical system 48. Thus, as the lead screw 68 is gear 70 to effectuate such rotation. As previously described, 

driven backward, away from the lens, the spring 73 moves a motor such as a stepper motor is then used to drive the first 

the sensor housing likewise away from the lens. 65 g ear 70 - 

The wear plate 72 is driven by a lead screw 68, which FIG. 5 illustrates another alternative embodiment of the 

passes through a threaded coupling 66 in the frame 56. As sensor movement mechanism of FIGS. 3A and 3B. The 
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image-bearing light 46 reflected from an object comes 
through the shutter 54 into the lens 12. When the shutter 54 
opens, an aperture is created allowing the image bearing 
light 46 to pass therethrough, thus striking the sensor 20. 

The optical housing is held on a frame 90 which is 5 
mechanically connected to the housing of the electronic still 
camera 30. 

Asensor housing 60 is connected to an alignment cylinder 
58 which has a close sliding fit with the optical housing 52. 
The alignment cylinder 58 is disposed over the optical 10 
housing 52 such that reciprocal motion is enabled. 

The sensor housing 60 is mechanically connected to a 
follower assembly 98. The follower assembly 98 moves the 
sensor housing 60 forward and backward with respect to the 
optical system 48 in response to rotation of the lead screw 15 
94. 

The lead screw 94 is secured in the frame 90 at a portion 
of the lead screw 94 that forms a journal bearing 92. This 
allows the lead screw 68 to rotate freely with respect to the 
frame 90. A load washer 100 is also used which biases the 20 
journal bearing 92 such that linear motion with respect to the 
frame 90 is limited. Since, in the preferred embodiment, one 
stop corresponds to linear motion of the sensor 20 of 
0.000375 inches, the load washer 100 places a substantially 
constant load on the journal bearing 92 to limit unwanted 25 
linear motion. 

As the lead screw 94 is rotated in a clockwise direction, 
a nut 96 integral with the follower assembly 98 is driven 
linearly outward forcing the sensor housing 60 to move 
away from the lens 12. The alignment cylinder 58 then rides 30 
along the optical housing 52, thus moving the sensor 20 
away from the lens 12. 

Likewise, as the lead screw 94 is rotated 
counterclockwise, the nut 96 is driven linearly inward fore- ^ 
ing the follower assembly to move the sensor housing 60 
closer to the lens 12. The alignment cylinder 58 then rides 
along the optical housing 52, thus moving the sensor 20 
closer to the lens 12. 

An alignment pin (not shown) similar to that previously 4Q 
described is again used to assist in alignment of the sensor 
housing 60 and to inhibit rotation of the sensor housing with 
respect to the optical axis. 

As previously described, the lead screw 68 is directly, 
mechanically connected to a first gear 70 to effectuate such 45 
rotation. 

The invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof. The present embodiments are, therefore, to be 
considered in all respects as illustrative and not restrictive, 50 
the scope of the invention being indicated by the appended 
claims rather than by the foregoing description, and all 
changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 55 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. An electronic still camera having an optical system for 
focusing image-bearing light reflected from a subject along 
an optical path onto a sensor which converts the image- 60 
bearing light into signals representative of the subject, said 
electronic camera comprising: 

a sonar ranging system for producing a ranging signal 
representative of the distance from the subject to the 
sensor; and 65 

adjustment means, responsive to said ranging signal, for 
moving the sensor along the optical path relative to the 
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optical system such that focus of the subject is effected, 

said adjustment means comprising 

a lead screw in mechanical communication with the 
sensor such that rotation of said lead screw about a 
longitudinal axis produces motion of both said lead 
screw and the sensor alone said longitudinal axis; 
and 

alignment means for maintaining rotational alignment 
of the sensor with the optical path. 

2. The electronic still camera according to claim 1 
wherein rotation of said lead screw in a first direction applies 
a drive force to drive the sensor toward the optical system, 
and rotation of said lead screw in a second direction removes 
said drive force from the sensor. 

3. The electronic still camera according to claim 2 further 
comprising elastic means in mechanical communication 
with the sensor for biasing the sensor away from the optical 
system such that rotation of said lead screw in said second 
direction causes said elastic means to move the sensor away 
from the optical system. 

4. The electronic still camera according to claim 1 
wherein the sensor is disposed in a sensor housing compris- 
ing an axial groove, and said alignment means protrudes 
from the optical system into said axial groove to maintain 
alignment of the sensor. 

5. The electronic still camera according to claim 4 
wherein said alignment means comprises a set of flexures 
mechanically interconnecting the optical system and said 
sensor housing to restrict rotational motion of the sensor. 

6. The electronic still camera according to claim 5 
wherein said flexures are elastically biased to move the 
sensor away from the optical system. 

7. The electronic still camera according to claim 1 further 
comprising a motor in mechanical communication with said 
adjustment means, said motor reversibly actuatable in a first 
direction and a second direction, actuation of the motor in 
said first direction causing said motor to drive said adjust- 
ment means such that the sensor moves toward the optical 
system, and actuation of said motor in said second direction 
causing said motor to drive said adjustment means such that 
the sensor moves away from the optical system. 

8. The electronic still camera according to claim 7 
wherein said lead screw is disposed along an axis substan- 
tially parallel to the optical path such that rotation of said 
lead screw moves the sensor. 

9. The electronic still camera according to claim 8 further 
comprising: 

a camera housing wherein the optical system is fixed 

relative to said camera housing; and 
elastic means in mechanical communication with said 

camera housing and said lead screw for applying a bias 

against said lead screw to minimize unintended motion 

of said lead screw. 

10. A focusing system for use in an apparatus having 
optics through which image-bearing light from a subject 
passes to an electronic sensor disposed within a housing, 
said focusing system comprising: 

sonar ranging means for determining the range to the 
subject; 

processing means in electrical communication with said 
ranging means for determining the focal plane as a 
function of the range to the subject; 

a motor in electrical communication with said processing 
means for moving the sensor to the position of the focal 
plane in response to a signal from said processing 
means; and, 
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a lead screw in mechanical communication with the 
housing such that rotation of said lead screw about a 
longitudinal axis produces motion of both said lead 
screw and the sensor along said longitudinal axis, 
rotation of the lead screw in a first direction applies a 
drive force to drive the housing toward the optics, and 
rotation of the lead screw in a second direction removes 
said drive force from the housing. 

11. The focusing system according to claim 10 wherein 
actuation of said motor in said second direction causes said 
motor to drive said lead screw such that said sensor moves 
away from the optics. 

12. The focusing system according to claim 10 further 
comprising elastic means in mechanical communication 
with said housing for biasing said housing away from the 
optics such that rotation of said lead screw in said second 
direction causes said elastic means to move said housing 
away from the optics. 
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13. The focusing system according to claim 10 further 
comprising alignment means in mechanical communication 
with said housing for maintaining alignment of the sensor 
with the optics. 

5 14. A method of focusing an electronic still camera which 
uses a sensor to capture image-bearing light reflected from 
a subject through camera optics, said method comprising the 
steps of: 

1Q using sonar means to determine a range to the subject; 
determining the focal plane as a function of the range to 

the subject; and 
electrically moving the sensor to the position of the focal 
plane by actuating a lead screw to move both said lead 
15 screw and the sensor so as to bias the sensor against the 
bias of an elastic means. 

* * * * * 



